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Abstract 19	  
Aim of this study was to compare uterine smears made using the Knudsen catheter, the cytology brush and a 20	  
uterine culture swab with regard to diagnostic usefulness and the occurrence of neutrophils. Additionally 21	  
correlation between culture results and the occurrence of neutrophils in uterine smears was investigated. 22	  
Samples were collected from 340 mares, 81.5% of which were in estrus. Smears made using the cytology 23	  
brush yielded more endometrial cells per high-power field than those made using the other two instruments 24	  
(p < 0.0001), and a larger proportion had PMNs compared with smears made using the uterine swab (p < 25	  
0.0001). For smears made with the cytology brush, cultures of β-hemolytic streptococci were more often (p = 26	  
0.002) accompanied by PMNs than cultures of bacteria other than β-hemolytic streptococci, and there was a 27	  
positive correlation (rs = 0.2 p = 0.01) between the number of PMNs in smears and the number of colonies of 28	  
β-hemolytic streptococci. The cytology brush was superior to the other methods because it generated a larger 29	  
proportion of diagnostic useful smears and the occurrence of PMNs in smears was significantly correlated 30	  
with the occurrence of cultures of β-hemolytic streptococci. 31	  
 32	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1. Introduction 38	  
Bacterial endometritis is considered the most important reproductive disease in the mare and is associated 39	  
with considerable economic loss (Troedsson, 1997; Causey, 2006). However, in non-venereal bacterial 40	  
endometritis, risk factors such as compromised uterine defense mechanisms or poor perineal conformation, 41	  
rather than the bacterial organisms, constitute the primary problem (Causey, 2006). Persistent uterine 42	  
infections caused by β-hemolytic streptococci and E. coli from the vagina are a common sequel to 43	  
compromised uterine defense mechanisms (Causey, 2006; Klein et al., 2009). Cytological and 44	  
bacteriological examinations of uterine swabs are the mainstay of diagnosis of acute endometritis in the mare 45	  
(Walter and Wehrend, 2007), and several studies have shown a strong correlation between bacteriological 46	  
and cytological findings (Knudsen, 1964; Lauer, 1977; Knudsen, 1982; Brook, 1985; La Cour and Sprinkle, 47	  
1985). With bacteriological examination alone, there is a risk of incorrect interpretation of the findings 48	  
because of false-negative and false-positive culture results (Waelchli et al., 1988; Moller Nielsen, 2005; 49	  
LeBlanc and Causey, 2009). Furthermore, a positive culture may not be associated with endometrial 50	  
inflammation and reduced fertility (Moller Nielsen, 2005; LeBlanc et al., 2007). Cytological examination of 51	  
a uterine sample is an extremely useful diagnostic tool, and several authors have placed its sensitivity above 52	  
that of bacteriological examination (Wingfield Digby, 1978; Mattos et al., 1984; Riddle et al., 2007). There 53	  
are various ways to classify cytological results; some authors record the number of PMNs as a percentage of 54	  
all cells seen in a smear (Couto and Hughes, 1985; Ricketts and Mackintosh, 1987) while others record 55	  
actual numbers of cells seen per microscopic field examined (Knudsen, 1964; Purswell et al., 1989). 56	  
Likewise, there are several methods of procurement of uterine samples, including non-guarded and guarded 57	  
uterine culture swabs, the cap attached to the end of a guarded culture instrument, uterine lavage samples and 58	  
cytology brushes (Wingfield Digby, 1978; Couto and Hughes, 1984; La Cour and Sprinkle, 1985; Ball et al., 59	  
1988). In an early comparative study of various sampling methods, the quality of smears with respect to cell 60	  
numbers and cell morphology was better in specimens collected with cytology brushes than in specimens 61	  
obtained with cotton swabs (1997). The primary aim of the present investigation was to compare the 62	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Knudsen catheter, a uterine culture swab and a commercial cytology brush for collection of uterine cytology 63	  
samples with respect to diagnostic usefulness and numbers of PMNs in the sample. Another point was to 64	  
examine the correlation between culture results and the occurrence of PMNs in uterine smears. 65	  
 66	  
2. Materials and Methods 67	  
 68	  
2.1. Animals 69	  
A total of 340 warmblood mares from a stud farm in Donzdorf, Germany were used for the study, which was 70	  
undertaken in 2008 during the breeding season from early March to early August. The mares were bred 71	  
artificially and some were sampled more than once during subsequent estrous cycles. Indications for 72	  
sampling were clinical noticeable problems as discharge or reddening of vestibular or vaginal mucosa as well 73	  
as being barren for one or more cycles. This resulted in a selection of mares potentially susceptible for 74	  
uterine infections. Each sampling was preceded by collection of anamnesis and a thorough reproductive 75	  
examination that included teasing, inspection of the perineum and trans rectal palpation and ultrasonography. 76	  
As mares were presented for artificial insemination 81.5% were in estrus at the time of sampling, the 77	  
remaining 18.5% were in diestrus. 78	  
 79	  
2.2. Comparisons 80	  
2.2.1. Comparison of three methods for collecting cytological samples 81	  
Samples were collected using the Knudsen catheter (Laborgeräte Reinke, Giessen, Germany), a uterine 82	  
culture swab (Minitube, Tiefenbach, Germany) and a cytology brush (Minitube, Tiefenbach, Germany). In 83	  
318 mares, double samples were collected using two methods: Knudsen catheter and cytology brush (n = 84	  
110), Knudsen catheter and uterine swab (n = 90) as well as cytology brush and uterine swab (n = 118).  85	  
 86	  
2.2.2. Comparison of culture and cytological results  87	  
 5 
A total of 279 samples were collected for bacteriological culture. Samples were taken using the Knudsen 88	  
catheter or the uterine swab. Of the cytology samples used for comparison with the bacteriological results, 89	  
120, 160 and 119 were collected with the Knudsen catheter, cytology brush and uterine swab, respectively. 90	  
 91	  
2.3. Collection of cytological and bacteriological samples 92	  
The mares were placed in an examination chute and a tail wrap was applied and the tail was hold to the side. 93	  
The perineum was first cleaned with dry paper towels and then with a disinfecting solution containing 94	  
propanol and benzalkonium chloride (Cutasept®, Bode Chemie GmbH, Hamburg), followed by thorough 95	  
drying with paper towels. The Knudsen catheter (Figure 1) was used to collect samples for cytological and 96	  
bacteriological examination. This is a guarded uterine instrument that can be autoclaved and used repeatedly; 97	  
it consists of a metal tube (87 cm length) and an inner spiral metal rod. The tip of the rod is designed such 98	  
that withdrawal of the rod into the tube seals the inside of the tube. Near the tip of the spiral rod is a hole 99	  
through which a small cotton swab is threaded. The tube includes a thickened area (olive), which marks the 100	  
area to rest the catheter in the outer orifice of the cervix. The catheter was introduced into the uterus 101	  
manually via the vagina and cervix with the spiral rod withdrawn maximally into the metal tube, until the 102	  
olive lies in the caudal cervix. The tip of the rod with the cotton swab was then advanced into the uterine 103	  
lumen and left in contact with the endometrium for 30 seconds. The rod was then withdrawn into the outer 104	  
tube and the instrument removed from the mare. The cotton swab was transferred to a small tube containing 105	  
sterile saline solution using sterile forceps. The material that was attached to the spiral rod was carefully 106	  
removed and placed on a glass slide. The uterine swab was an individually wrapped double-guarded culture 107	  
instrument designed for single use (Figure 1). It consisted of an outer protective plastic tube and a smaller 108	  
inner plastic tube that held a plastic rod to which the swab was attached. The tip of the outer tube was closed 109	  
but could be opened by applying pressure to the inner tube. The instrument was manually introduced into the 110	  
uterus, the inner tube was then pushed into the uterus and the swab was advanced and held in contact with 111	  
the endometrium for 30 seconds. The swab was then withdrawn into the inner and outer protective tube and 112	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the instrument removed from the mare. The swab was then completely withdrawn and removed from the 113	  
instrument and rolled onto a sterile glass slide (76 × 26 mm, iDL, Nidderau). The swab was then transferred 114	  
to AMIES® transport medium (MEUS S.r.l., Piove di Sacco, Italy) and submitted for culture. The cytology 115	  
brush consisted of a brush, attached to a plastic rod within a protective tube (Figure 1). When the cytology 116	  
brush was used in combination with the uterine swab, the brush was introduced into the uterus via the outer 117	  
tube of the swabbing instrument, which remained in the uterus. The brush was advanced into the uterus and 118	  
the rod that held the brush was rotated carefully three times, so that enough cells were collected. The brush 119	  
was then withdrawn into the protective tube and the instrument removed from the mare. To make a smear, 120	  
the brush was rolled onto a glass slide using slight pressure. Cytological smears were air dried for a few 121	  
minutes before they were fixed with methyl alcohol and stained using eosin and thiazine according to the 122	  
manufacturer’s instructions (Hemacolor® stain; Merck, Darmstadt). Stained smears were air dried and 123	  
mounted (Walter and Wehrend, 2009; Walter et al., 2011). 124	  
 125	  
2.4. Evaluation 126	  
 127	  
2.4.1. Cytological examination 128	  
Smears were first scanned at 200x magnification to assess cellular distribution and morphology using a light 129	  
microscope (Ortholux ll; Leica, Wetzlar). Deformation (of cells) was defined as clumps of cells, 130	  
accumulation of unidentified cells, or single severely deformed cells that could not be allocated to an 131	  
identifiable cell type. The diagnostic value of cell morphology was categorized as follows: grade 1, very 132	  
good diagnostic value (< 10% of cells deformed); grade 2, good diagnostic value (10 to 20% of cells 133	  
deformed); grade 3, poor diagnostic value (20 to 50% of cells deformed) and grade 4, no diagnostic value (> 134	  
50% of cells deformed). Seven high-power fields (400x) were then assessed in each smear and the epithelial 135	  
cells and PMNs were counted. Smears with fewer than 35 cells per seven fields were not included in the 136	  
analysis. The neutrophil index according to Ricketts and Mackintosh (Ricketts and Mackintosh, 1987) was 137	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then calculated based on the numbers of the two cell types. Smears with over 0.5% PMNs were classified as 138	  
positive. The number of red blood cells per high-power field was assessed semi quantitatively and classified 139	  
as none, few, numerous and massive numbers.  140	  
 141	  
2.4.2. Bacteriological examination 142	  
After collection, the samples were stored at 4°C until transportation to the laboratory1. Processing took place 143	  
within 24 hours according to standard laboratory techniques (Klein et al., 2009). Swabs were plated onto 144	  
blood agar and Gassner agar plates (Water-blue-metachrome-yellow lactose agar according to Gassner, 145	  
101282, Merck, Darmstadt) and also incubated in an enrichment medium (enrichment broth with 10% serum, 146	  
Merck, Darmstadt) for 24 hours before inoculation onto blood agar and Gassner agar plates. Culture media 147	  
were incubated aerobically at 37°C, examined at 24 hours and then re-incubated for another 24 hours. 148	  
Identification of aerobic pathogens was based on appearance of colonies and biochemical characteristics. The 149	  
number of colonies on primary plates was assessed semi quantitatively and scored as absent (no colonies), 150	  
small numbers (1 to 50 colonies), moderate numbers (51 to 200 colonies) and large numbers (> 200 colonies) 151	  
(Klein et al., 2009). Classification of non-venereal disease organisms into pathogenic and non-pathogenic 152	  
bacteria is shown in Table 2 (Pohl et al., 1977; Ricketts, 1981; Ricketts and Mackintosh, 1987; Hinrichs et al., 153	  
1988; Klein et al., 2009).  154	  
For comparison of bacteriological and cytological results, the cytological findings were analyzed with 155	  
respect to individual bacteriological organisms, negative cultures and cultures with pathogenic and non-156	  
pathogenic bacteria. The effects of individual bacterial organisms in pure or mixed cultures with pathogenic 157	  
or non-pathogenic bacteria on cytological findings were analyzed. Numbers of colonies were correlated with 158	  
cytology grades (Ricketts and Mackintosh, 1987). 159	  
 160	  
2.5. Statistical analysis 161	  
 8 
The statistical software program packages BMDP/Dynamic, release 7.0 (Dixon, 1993) and BiAS 162	  
(Ackermann, 1998) were used. Differences among cytological sampling techniques and between 163	  
bacteriological and cytological findings were analyzed using contingency tables, created with the program 164	  
BMDP4F, and tested for independency by the generalised	  Fisher	  exact	  test	  (Fisher-Freeman-Halton test) or 165	  
the chi-square test. By the McNemar test symmetry was tested when significant differences (p ≤ 0.05) were 166	  
found. Differences between cytological techniques with respect to the diagnostic value of smears, cell 167	  
deformation and occurrence of red blood cells were analyzed using a chi-square test and subsequently the 168	  
configural frequency analysis (program BiAS) to	  detect	  patterns	  in	  the	  data	  that	  occur	  significantly	  more	  169	   or	  significantly	   less	  often	   than	  expected	  by	  chance. Differences among cytological sampling techniques 170	  
with respect to numbers of epithelial cells and PMNs per high-power field were analyzed using the 171	  
Wilcoxon-Mann-Whitney-test (BMDP3D). The effect of recovery of individual organisms on cytological 172	  
results was analyzed using the two-sided Fisher’s exact test. Correlations between cytological techniques 173	  
with respect to numbers of epithelial cells per high-power field, and between numbers of colonies and 174	  
neutrophil index were analyzed using the Spearman rank correlation coefficient (BMDP3D). 175	  
 176	  
3. Results 177	  
 178	  
3.1. Comparison of cytological sampling techniques 179	  
There was a significant association (p < 0.0001) between the cytological technique and the proportion of 180	  
diagnostic valuable samples (see Table 1); the Knudsen catheter yielded significantly more samples that 181	  
were not analyzable because of insufficient cell numbers compared with the other two techniques, and the 182	  
uterine swab yielded significantly more samples with deformed cells. The cytology brush achieved the 183	  
greatest proportion (98.6%) of analyzable samples. More than 90% of samples collected with the uterine 184	  
swab had cellular deformation compared with 25% of samples collected using the Knudsen catheter and 185	  
cytology brush (Table 1). The statistical hypothesis that cell deformation is independent of the sampling 186	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technique was rejected (p < 0.0001). 187	  
There were only 25 of 215 cytology brush specimens without red blood cells, which was significantly 188	  
less than expected by equality between the methods used (Table 1). Therefore, the statistical hypothesis that 189	  
the occurrence of red blood cells in cytological smears is independent of the sampling technique was rejected 190	  
with a chi-square value of 163.5 (p < 0.0001). 191	  
 192	  
3.2. Pair-wise comparison of cytological sampling techniques 193	  
3.2.1. Knudsen catheter versus cytology brush 194	  
A total of 66 paired smears were available for this comparison. The cytology brush yielded significantly 195	  
more epithelial cells per high-power field than the Knudsen catheter (47.9 ± 14.4, median 48.3 versus 26.8 ± 196	  
15.8, median 22.6; p < 0,0001). On the other hand, the Knudsen catheter yielded significantly more PMNs 197	  
per high-power field than the cytology brush (5.3 ± 14.7, median 0 versus 2.5 ± 10.6, median 0; p < 0.02). 198	  
Sixteen (24%) paired smears yielded positive results (> 0.5% of all cells were PMNs), 29 pairs (44%) 199	  
yielded negative results, 14 pairs (21%) yielded positive and negative results for the Knudsen catheter and 200	  
cytology brush, respectively, and the remaining 7 pairs (11%) yielded negative and positive results for the 201	  
Knudsen catheter and cytology brush, respectively. The two techniques did not differ (p = 0.19) with respect 202	  
to the detection of PMNs > 0.5%.  203	  
 204	  
3.2.2. Knudsen catheter versus uterine swab 205	  
A total of 43 paired smears were available for this comparison. The Knudsen catheter yielded a mean of 21.2 206	  
± 15.1 (median 15.9) epithelial cells per high-power field and the uterine swab a mean of 19.2 ± 7.8 (median 207	  
17.7; p = 0.89) cells. The Knudsen catheter yielded significantly more PMNs per high-power field than the 208	  
uterine swab (5.5 ± 14.8, median 0.1 versus 0.5 ± 3.2, median 0; p < 0.0001). Five paired smears (12%) 209	  
yielded positive results (> 0.5% of all cells were PMNs), 22 pairs (51%) yielded negative results and the 210	  
remaining 16 pairs yielded positive and negative results for the Knudsen catheter and uterine swab, 211	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respectively. Significantly more cases of endometritis were detected using the Knudsen catheter than using 212	  
the uterine swab (p = 0.0001).  213	  
 214	  
3.2.3. Cytology brush versus uterine swab 215	  
A total of 89 paired smears were available for this comparison. The cytology brush yielded a mean of 45.8 ± 216	  
15.8 (median 45.6) epithelial cells per high-power field and the uterine swab 19.6 ± 9.9 (median 17.1; p < 217	  
0.0001) cells. The cytology brush yielded significantly more PMNs per high-power field than the uterine 218	  
swab (4.4 ± 11.7, median 0.3 versus 0.6 ± 2.9, median 0; p < 0.0001). Eighteen paired smears (20%) yielded 219	  
positive results (> 0.5% of all cells were PMNs), 44 pairs (50%) yielded negative results and the remaining 220	  
27 pairs (30%) yielded positive and negative results for the cytology brush and the uterine swab, respectively. 221	  
Significantly more cases of endometritis were detected using the cytology brush than using the uterine swab 222	  
(p = 0.0001). 223	  
 224	  
3.3.  Relationship between cytological and bacteriological results 225	  
The frequency with which the culture of a bacterial species was accompanied by a positive cytological result 226	  
(> 0.5% of all cells were PMNs) was calculated for each of the three sampling techniques (Table 2). With the 227	  
cytology brush, but not with the other two methods, there were significantly more smears with a positive 228	  
cytological result when the smear was accompanied by a culture of β-hemolytic streptococci compared with 229	  
cultures negative for these bacteria. Based on the results shown in 3.1. and 3.2., only the cytological 230	  
specimens made using the cytology brush were used for further analysis. There was a trend (p = 0.09) for an 231	  
association between culture result and occurrence of positive cytological result: 20% of cultures that yielded 232	  
no growth (n = 30), 43% of cultures with non-pathogenic bacteria (n = 35) and 40% of cultures with 233	  
pathogenic bacteria (n=95) were accompanied by a positive cytological result. Seven of 10 (70%) pure 234	  
cultures of β-hemolytic streptococci were accompanied by a positive cytological result compared with 47% 235	  
of cultures of β-hemolytic streptococci mixed with pathogenic (n = 34) and 37% of cultures of β-hemolytic 236	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streptococci mixed with non-pathogenic bacteria (n = 8) (p = 0.34). Six of 16 (37%) pure cultures of E. coli 237	  
were accompanied by a positive cytological result compared with 42% of cultures of E. coli mixed with 238	  
pathogenic (n = 31) and 13% of cultures of E. coli mixed with non-pathogenic bacteria (n = 15) (p= 0.15). 239	  
There was a significant association between the number of colonies of β-haemolytic streptococci, but not in 240	  
cultures of other organisms, and the number of PMNs in smears (rs = 0.20; p = 0.01).  241	  
 242	  
4. Discussion 243	  
 244	  
4.1. Comparison of cytological sampling techniques  245	  
 246	  
In view of the enormous diagnostic usefulness of uterine cytology in equine reproduction, it is critical that 247	  
the techniques and instrumentation used consistently yield smears with a sufficient number of 248	  
morphologically intact cells for diagnostic purposes. For this reason, three different sampling techniques 249	  
were evaluated with respect to the diagnostic value of the smear and cell morphology. The Knudsen catheter 250	  
technique yielded the greatest proportion of non-diagnostic smears because of a paucity of cells. This may 251	  
have been due to the relatively smooth surface of the metal spiral, which may have prevented adequate 252	  
uptake of endometrial secretion, especially in a dry uterus. When adequate amounts of secretion were 253	  
collected, the Knudsen catheter technique yielded smears of good quality and the largest percentage (76.3%) 254	  
of specimens without cell deformation. Of the smears made from uterine swabs, 21.9% were not analyzable, 255	  
mainly because of large numbers of deformed cells (n = 37, 18.4%), but also because of insufficient cell 256	  
numbers (n = 7, 3.5%). Of the analyzable smears made from uterine swabs 91.1% had > 10% deformed cells; 257	  
deformation was mild in 40.1% and pronounced in 51.0%. It is known that cotton swabs lead to cell 258	  
deformation (Britton, 1982; Couto and Hughes, 1984; Brook, 1985; Bourke et al., 1997; Dascanio et al., 259	  
1997). Damage is thought to occur mainly during cell uptake in the uterus and when the swab is rolled onto 260	  
the slide (Couto and Hughes, 1984; Dascanio et al., 1997). Too little pressure on the swab during the rolling 261	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procedure may lead to clumping of cells, and excessive pressure may result in cell deformation and damaged 262	  
cell nuclei (Britton, 1982). To increase the quantity and morphologic quality of cells in smears, several 263	  
authors recommend wetting the cotton swab with sterile saline solution before collection (Merkt and Frhr. 264	  
von Lepel, 1970; Pohl et al., 1977; Crickman and Pugh, 1986; Saltiel et al., 1987; Waelchli et al., 1988; 265	  
Dascanio et al., 1997; Dascanio, 2003). Furthermore, it has been proposed that dry cotton has water-repellent 266	  
properties and may therefore be limited for the collection of secretions (Merkt and Frhr. von Lepel, 1970). 267	  
Older studies (Allen, 1979; Couto and Hughes, 1984; Brook, 1985; Dascanio, 2003) indicated that calcium-268	  
alginate swabs may yield better cytological specimens, but comparison of dry and wet swabs has not been 269	  
done in the mare. All but three smears (insufficient cell numbers) made using the cytology brush were 270	  
diagnostic, and this technique was superior with respect to diagnostic usefulness and cell morphology, 271	  
confirming previous preliminary findings in mares and cows (Bourke et al., 1997; Kasimanickam et al., 272	  
1999). 273	  
 The occurrence of red blood cells in cytological smears was considered an indication of the 274	  
invasiveness of the technique (Bourke et al., 1997). Red blood cells in uterine smears are commonly seen 275	  
and are usually attributable to trauma caused by the sampling procedure (Wingfield Digby, 1978; Dascanio 276	  
et al., 1997). They have no specific diagnostic value, and therefore rather than counting them we assessed 277	  
their numbers semiquantitatively. Only 11.6% of smears made using the cytology brush were free of red 278	  
blood cells compared with 69.6% and 71.3% of smears made using the Knudsen catheter and uterine swab, 279	  
respectively. Large numbers of red blood cells are commonly seen in smears from mares after foaling [14] 280	  
and occasionally during estrus (Couto and Hughes, 1984), but can also indicate endometritis (Wingfield 281	  
Digby, 1978). It is not surprising that the cytology brush is more invasive than the other two techniques, 282	  
considering its mode of action; our findings confirm those of other studies (Wingfield Digby, 1978; Bourke 283	  
et al., 1997).  It should be noted, that the disruption of the epithelial lining, which is indicated by the 284	  
presence of erythrocytes in the smears, might also result in a higher number of PMN in the smear. 285	  
 286	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4.2  Pair-wise comparison of cytological sampling techniques 287	  
The cytology brush was superior to the other two sampling techniques with respect to proportion of 288	  
diagnostic samples, preservation of cell morphology and the detection of PMNs. Almost all smears were 289	  
diagnostic, pronounced cell deformations were rare, and PMNs were detected significantly more frequently 290	  
than when the uterine swab was used. Approximately one third of smears obtained using the Knudsen 291	  
catheter were non-diagnostic because of limited cell numbers, which limits it’s use for uterine cytology in the 292	  
mare. 293	  
 Smears made using the cytology brush yielded significantly more epithelial cells per high-power field 294	  
than smears made using the Knudsen catheter and uterine swab; smears made using the latter two techniques 295	  
did not differ with respect to numbers of epithelial cells. In a previous study involving fewer mares, the 296	  
cytology brush was also superior to a cotton swab (Bourke et al., 1997). Because of the greater uptake of 297	  
epithelial cells by the cytology brush, it was reasonable to expect an increase in the number of PMNs as well. 298	  
However, this was only true when compared with the uterine swab; smears made using the Knudsen catheter 299	  
yielded more PMNs per high-power field than the cytology brush. Compared with the brush, the Knudsen 300	  
instrument has a larger surface area for uptake of secretions, which may explain the higher yield of PMNs 301	  
(Figure 1). This leads to the conclusion, that the Knudsen catheter is a good instrument to diagnose PMNs  302	  
 In a study comparing the usefulness of the cytology brush and uterine swab for the detection of PMNs, 303	  
the latter method was found to have a higher sensitivity (Bourke et al., 1997). Our results showed that 304	  
compared to the other two techniques, the uterine swab had considerable disadvantages with respect to the 305	  
detection of PMNs and cell morphology.  306	  
 307	  
4.3. Relationship between cytological and bacteriological results 308	  
One goal of this study was to investigate the relationship between the culture of pathogenic bacteria from the 309	  
uterus and the presence of PMNs in uterine smears. The recovery of bacteria from the uterus is not 310	  
necessarily indicative of endometritis (Kenney, 1978; Hughes et al., 1980), and therefore the results of 311	  
 14 
concurrent cytological examinations are used to interpret the bacteriological findings (Tillmann and 312	  
Meinecke, 1980). There have been numerous studies that documented correlations of varying degrees 313	  
between the two diagnostic tools (Knudsen, 1964; Pohl et al., 1977; Tillmann and Meinecke, 1980; Knudsen, 314	  
1982; Wingfield Digby and Ricketts, 1982; Couto and Hughes, 1984; Mattos et al., 1984; Brook, 1985; La 315	  
Cour and Sprinkle, 1985; Ball et al., 1988; Roszel and Freeman, 1988; Brook, 1992; Langoni et al., 1997; 316	  
Wehrend et al., 2004; Riddle et al., 2007). However, direct comparison between studies may be difficult 317	  
because different cut-offs have been used to differentiate positive and negative cytological samples. 318	  
Furthermore, some authors differentiated pure and mixed cultures (Wingfield Digby and Ricketts, 1982) 319	  
while others did not, and non-guarded swabbing systems were used in some studies, which affected the 320	  
results of both bacteriological and cytological examinations (Shin et al., 1979; Blanchard et al., 1981; 321	  
Wingfield Digby and Ricketts, 1982; Aguilar et al., 2006; Klein et al., 2009). Due to this guarded 322	  
instruments were used in this study. 323	  
 The occurrence of PMNs was twice as common in smears accompanied by a positive culture 324	  
compared with those accompanied by a negative culture, regardless of whether the organisms were 325	  
pathogenic or not. This is a strong indication that a diagnosis of endometritis cannot be reliably made with 326	  
culture results alone. Histological and microbiological examinations of endometrial biopsy specimens are 327	  
considered gold standards (Moller Nielsen, 2005), but endometrial biopsy is a more involved procedure than 328	  
routine culture and cytology. In a recent study on the comparison of different techniques for diagnosing 329	  
subclinical endometritis, the sensitivities of the cytology brush and uterine swab were 0.17 and 0.00, 330	  
respectively, and the specificities were 0.83 and 0.93, when biopsy results were used as the gold standard. In 331	  
this experiment a higher limiting value (> 2% of all cells were PMNs) for positive cytologies was defined, 332	  
most mares were sampled during diestrus, and only 11 of 55 mares had a positive culture; thus, a direct 333	  
comparison with this findings is not possible (Overbeck et al., 2011). 334	  
 In agreement with previous studies (Wingfield Digby and Ricketts, 1982; Katila et al., 1988; Watson, 335	  
2000; Causey, 2006; Wittenbrink et al., 2008), β-hemolytic streptococci were found to be the most important 336	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non-venereal organisms cultured from the mare’s uterus. Cytological smears made from the cytology brush 337	  
that were accompanied by culture of β-hemolytic streptococci were significantly more often positive for 338	  
PMNs than smears accompanied by other cultured organisms, regardless of whether the bacteria occurred in 339	  
pure culture (70% had PMNs) or mixed with pathogenic (47%) or non-pathogenic bacteria (37%). Although 340	  
the differences between these percentages were not significant, the findings suggest that pure cultures of β-341	  
hemolytic streptococci are more likely to cause an endometrial inflammatory response than mixed cultures. 342	  
However, this is in contrast to one report in which 18% of pure and 22% of mixed cultures of β-hemolytic 343	  
streptococci were accompanied by positive cytological findings (Wingfield Digby and Ricketts, 1982). Our 344	  
results are the first to establish a significant positive correlation between the degree of uterine infection with 345	  
β-hemolytic streptococci and the degree of neutrophilic response; however, further studies on this aspect of 346	  
uterine infection in the mare are required. 347	  
 In agreement with other studies (Riddle et al., 2007; Bindslev et al., 2008; Overbeck et al., 2011), 348	  
positive cultures of E. coli were less often accompanied by positive cytological results than cultures of β-349	  
hemolytic streptococci. Our findings do not confirm the opinion that only pure cultures and large numbers of 350	  
colonies of E. coli recovered from the mare’s uterus are significant (Ricketts, 1981; Moller Nielsen, 2005). 351	  
The number of colonies did not correlate with the number of PMNs in smears. The proportion of positive 352	  
cultures that were accompanied by PMNs in smears was generally low, but more pure cultures than mixed 353	  
cultures of E. coli with non-pathogenic bacteria had positive cytological results (37% versus 13%). The 354	  
proportion of pure cultures of E. coli accompanied by PMNs in smears was even lower (slightly > 10%) in 355	  
previous studies (Wingfield Digby and Ricketts, 1982; Waelchli et al., 1993). Thus, the interpretation of 356	  
positive cultures of E. coli from the mare’s uterus remains difficult. 357	  
 358	  
5. Conclusions 359	  
Our study has shown that the cytology brush method is the technique of choice for cytological examination 360	  
of the mare’s uterus. Of the methods investigated, the cytology brush yielded the largest proportion of 361	  
 16 
diagnostic smears, and the numbers of PMNs recovered were statistically correlated with the numbers of 362	  
colonies of β-hemolytic streptococci in concurrent uterine cultures. It seems to be necessary to initiate 363	  
follow-up studies to investigate new guidelines for the interpretation of uterine smears prepared by cytology 364	  
brushes. 365	  
 366	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Figure 1 Instruments for collection of uterine samples for bacteriological and cytological examination. 494	  
Double-guarded uterine culture swab (top), which is also used for passing the Cytology brush 495	  
into the uterus (middle), and guarded Knudsen catheter (bottom) 496	  
 497	  
 498	  
Table 1 Results of the configural frequency analysis of the diagnostic usefulness of samples (n = 626), 499	  
occurrence of cellular deformation and red blood cells in diagnostic samples (n = 503). 500	  
Absolute and relative numbers of samples (round brackets), expected cell frequencies by 501	  
assumption of independency (square brackets) and p-values are given 502	   	  503	  
Table 2 Paired bacteriological and cytological results of the 3 sampling methods. Associations 504	  
between organism and cytological result were analyzed using the two-sided Fisher’s exact test 505	  
respectively the chi-square test depending of the size of the minimum expected value (AP, 506	  
non-pathogenic bacteria; FP, pathogenic bacteria) 507	  
 508	  
 1	  
 2	  
  3	  
 4	  
Category Knudsen-catheter Cytology brush 
Uterine culture 
swab Total 
     
Not analyzable 
(insufficient cell 
numbers) 
74 (35.7%) 
[27.8] 
p < 0.0001 
3 (1.4%) 
[29.3] 
p < 0.0001 
7 (3.5%) 
[27.0] 
p < 0.0001 
84 
Not analyzable 
(> 50% of cells 
deformed) 
2 (1.0%) 
[12.9] 
p < 0.0017 
0 (0%) 
[13.6] 
p < 0.0001 
37 (18.4%) 
[12.5] 
p < 0.0001 
39 
Analyzable 
131 (63.3%) 
[166.3] 
p < 0.0001 
215 (98.6%) 
[175.23] 
p < 0.0001 
157 (78.1%) 
[161.5] 
p < 2.9 
503 
 
Number of 
samples 207 218 201 626 
     
Grade 1 
<10% of cells 
deformed 
100 (76.3%) 
[71.1] 
p < 0.0001 
159 (74.0%) 
[116.7] 
p < 0.0001 
14 (8.9 %) 
[85.2] 
p < 0.0001 
273 
Grade 2 
10% to 20% of 
cells deformed 
23 (17.6%) 
[36.2] 
p = 0.025 
53 (24.7%) 
[59.4] 
p = 1.8 
63 (40.1%) 
[43.4] 
p = 0.0002 
139 
Grade 3 
20% to 50% of 
cells deformed 
8 (6.1%) 
[23.7] 
p = 0.0003 
3 (1.3%) 
[38.9] 
p < 0.0001 
80 (51.0%) 
[28.4] 
p < 0.0001 
91 
Number of 
samples 131 215 157 503 
     
No red blood 
cells 
65 (69.6%) 
[52.5] 
p = 0.12 
25 (11.6%) 
[86.3] 
p < 0.0001 
112 (71.3%) 
[63.0] 
p < 0.0001 
202 
A few red blood 
cells 
34 (26.0%) 
[35.4] 
p = 8.9 
68 (31.6%) 
[58.1] 
p = 0.54 
34 (21.7%) 
[42.4] 
p = 0.8 
136 
Numerous red 
blood cells 
17 (13.0%) 
[28.9] 
p = 0.04 
83 (38.6%) 
[47.4] 
p < 0.0001 
11 (7.0%) 
[34.6] 
p <0.0001 
111 
Massive 
numbers of red 
blood cells 
15 (11.4%) 
[14.1] 
p = 9.1 
39 (18.2%) 
[23.1] 
p < 0.0001 
0 (0%) 
[16.9] 
p < 0.0001 
54 
Number of 
samples 131 215 157 503 
Bacterial organism 
Cytology result  
 Knudsen catheter 
Cytology result 
Cytology brush 
Cytology result 
Uterine culture 
swab 
+ - + - + - 
 
β-hemolytic 
streptococci (FP) 
 
positive 16 (57%) 
12 
(43%) 
26 
(50%) 
26 
(50%) 
5 
14% 
31 
(86%) 
negative 38 (41%) 
54 
(59%) 
33 
(31%) 
75 
(69%) 
10 
(12%) 
73 
(88%) 
p-Value 0.14 0.02 0.78 
E. coli (FP) 
positive 
positive 14 (42%) 
19 
(58%) 
21 
(34%) 
31 
(66%) 
5 
(11%) 
39 
(89%) 
negative 40 (46%) 
47 
(54%) 
38 
(39%) 
60 
(61%) 
10 
(13%) 
65 
(87%) 
p-value 0.73 0.53 0.75 
Hemolytic E. coli 
(FP) 
positive 0 (0%) 
1 
(100%) 
1 
(100%) 
0 
(0%) 
1 
(100%) 
0 
(0%) 
negative 54 (45%) 
65 
(55%) 
58 
(37%) 
101 
(63%) 
14 
(12%) 
104 
(88%) 
p-value 1.00 0.37 0.13 
Klebsiella spp. 
(FP) 
positive 4 (50%) 
4 
(50%) 
3 
(43%) 
4 
(57%) 
0 
(0%) 
7 
(100%) 
negative 50 (45%) 
62 
(55%) 
56 
(37%) 
97 
(63%) 
15 
(13%) 
97 
(87%) 
p-value 1.00 0.71 0.60 
Pseudomonas spp. 
(FP) 
positive 4 (50%) 
4 
(50%) 
3 
(23%) 
10 
(77%) 
0 
(0%) 
2 
(100%) 
negative 50 (45%) 
62 
(55%) 
56 
(38%) 
61 
(42%) 
15 
(13%) 
102 
(87%) 
p-value 1.00 0.28 1.00 
Staphylococcus 
aureus (FP) 
positive 1 (100%) 
0 
(0%) 
1 
(100%) 
0 
(0%) 
0 
(0%) 
1 
(100%) 
negative 53 (45%) 
66 
(55%) 
58 
(36%) 
101 
(64%) 
15 
(13%) 
103 
(87%) 
p-value 0.45 0.37 1.00 
Aerobic bacilli 
(AP) 
positive 3 (43%) 
4 
(57%) 
1 
(25%) 
3 
(75%) 
2 
(40%) 
3 
(60%) 
negative 51 (45%) 
62 
(55%) 
58 
(37%) 
98 
(63%) 
13 
(11%) 
101 
(89%) 
p-value 1.00 1.00 0.12 
Coliforms (AP) 
positive 3 (33%) 
6 
(67%) 
3 
(37%) 
5 
(63%) 
1 
(7%) 
14 
(93%) 
negative 51 (46%) 
60 
(54%) 
56 
(37%) 
96 
(63%) 
14 
(14%) 
90 
(86%) 
p-value 0.51 0.97 0.46 
α-hemolytic 
streptococci (AP) 
positive 9 (45%) 
11 
(55%) 
8 
(31%) 
18 
(69%) 
2 
(10%) 
19 
(90%) 
negative 45 (45%) 
55 
(55%) 
51 
(38%) 
83 
(62%) 
13 
(13%) 
85 
(87%) 
p-value 1.00 0.48 1.00 
γ-hemolytic positive 5 10 8 11 3 10 
streptococci (AP) (33%) (67%) (42%) (58%) (23%) (77%) 
negative 49 (47%) 
56 
(53%) 
51 
(36%) 
90 
(64%) 
12 
(11%) 
94 
(89%) 
p-value 0.33 0.61 0.21 
Enterococcus spp. 
(AP) 
positive 0 (0%) 
1 
(100%) 
2 
(50%) 
2 
(50%) 
0 
(0%) 
3 
(100%) 
negative 54 (45%) 
65 
(55%) 
57 
(37%) 
99 
(63%) 
15 
(13%) 
101 
(87%) 
p-value 1.00 0.63 1.00 
Staphylococcus 
epidermidis (AP) positive 
6 
(50%) 
6 
(50%) 
5 
(29%) 
12 
(71%) 
2 
(11%) 
16 
(89%) 
 negative 48 (44%) 
60 
(56%) 
54 
(38%) 
89 
(62%) 
13 
(13%) 
88 
(87%) 
p-value 0.71 0.50 0.84 
Acinetobacter spp. 
(AP) 
positive 3 (25%) 
9 
(75%) 
10 
(53%) 
9 
(47%) 
2 
(18%) 
9 
(82%) 
negative 51 (47%) 
57 
(53%) 
49 
(35%) 
92 
(65%) 
13 
(12%) 
95 
(88%) 
p-value 0.14 0.13 0.56 
Citrobacter spp. 
(AP) 
positive 0 (0%) 
3 
(100%) 
1 
(100%) 
0 
(0%) 
0 
(0%) 
3 
(100%) 
negative 54 (46%) 
63 
(54%) 
58 
(37%) 
101 
(63%) 
15 
(13%) 
101 
(87%) 
p-value 0.25 0.37 1.00 
Corynebacterium 
spp. (AP) 
positive 2 (40%) 
3 
(60%) 
2 
(18%) 
9 
(82%) 
0 
(0%) 
2 
(100%) 
negative 52 (45%) 
63 
(55%) 
57 
(38%) 
92 
(62%) 
16 
(14%) 
102 
(86%) 
p-value    
Micrococcus spp. 
(AP) 
positive - - - - 0 (0%) 
1 
(100%) 
negative - - - - 16 (13%) 
103 
(87%) 
p-value - - 1.00 
Alcaligenes spp. 
(AP) 
positive 0 (0%) 
1 
(100%) - - - - 
negative 55 (46%) 
65 
(54%) - - - - 
p-value 1.00 - - 
Yeast (FP) 
positive - - 0 (0%) 
1 
(100%) - - 
negative - - 59 (37%) 
100 
(63%) - - 
p-value - 1.00 - 
β-hemolytic 
streptococci 
and E. coli (FP) 
positive 23 (49%) 
24 
(51%) 
34 
(40%) 
51 
(60%) 
6 
(10%) 
56 
(90%) 
negative 31 (42%) 
42 
(58%) 
25 
(33%) 
50 
(67%) 
9 
(16%) 
48 
(84%) 
p-value 0.49 0.38 0.32 
